the new mutation causing the early flowering from the mutations of the marker line. Three of these revertant plants (named fwa-1R1, fwa-1R2, and fwa-1R3) gave rise to F1 hybrids that flowered early. In addition, no late flowering plants were observed in F2 progenies of 356 plants, and therefore these revertants are likely to carry intragenic suppressor mutations in the fwa mutant gene. Figure 1 shows the flowering time, under LD and SD conditions, of the revertants and the marker line from which they were derived. These results strongly suggest that fwa mutants carry gain-of-function alleles of the FWA gene, while the second site mutations fwa-1R1, fwa-1R2, and fwa-1R3 result in loss-of-function alleles of FWA.
Positional Cloning of FWA FWA is located on chromosome 4 between the two morphological markers ga5 and emb35, which are 6.2 cM pcr28. The positive cosmid clones from this screen were In this work, we describe the molecular identification arranged into a contig ( Figure 2B ) and used as markers of the FWA gene and show that the late flowering phenoin RFLP analysis, which indicated that clones WS20 and type of fwa mutants is caused by gain-of-function epi WS94 did not have any crossovers left with the FWA alleles that lack methylation in two repeated sequences locus. located in the 5Ј region of FWA.
Nine overlapping cosmids (see Figure 2B ), spanning the region between CC128 and pcr28, were used to transform wild-type plants, and between 16 and 48 Results transformed plants were generated per cosmid. Late flowering was only observed in plants transformed with Characterization of FWA Mutants Two different fwa mutant alleles have previously been the two overlapping cosmids WS20 and WS28. Respectively, 5 out of 47 and 14 out of 48 plants transformed described (Koornneef et al., 1991); fwa-1 was induced by ethyl methanesulphonate (EMS) and fwa-2 by fast with WS20 and WS28 flowered significantly later than Ler, indicating that FWA is on the overlap of these two cosneutrons. Plants carrying these fwa mutations flower later than Landsberg erecta (Ler) wild-type plants (Figmids . The DNA sequence of this region for the Columbia (Col) accession was obtained from the Arabidopsis thaliure 1). This delay in flowering is relatively stronger under long day (LD) than under short day (SD) light conditions. ana database and showed that the overlap of these two cosmids contains only one complete predicted gene, Plants heterozygous for the fwa mutation flower intermediate between wild-type and the homozygous fwa which encodes a homeodomain (HD) transcription factor ( Figures 2C and 3 ). mutant plants, indicating that fwa alleles are semidominant (Figure 1) . A 5.3 kb region corresponding to this HD gene was sequenced in the Ler wild-type, the two fwa, and three To determine whether the dominance of fwa mutations is due to gain-of-function of these alleles, we atrevertant alleles to look for mutations. The three revertant alleles all contained different mutations within tempted to obtain intragenic suppressor mutations of fwa that show a wild-type-like phenotype. Seeds of the the open reading frame of this gene; fwa-1R1 and fwa-1R3 both have a single base pair deletion causing a fwa-1 marker line carrying the mutations cer2 ga5 fwa-1 abi1 were ␥ irradiated, and approximately 5000 M2 premature stop of translation, and fwa-1R2 has a single base pair change resulting in a glycine to arginine transiplants were screened under LD conditions for altered flowering time. Five early flowering plants were obtained tion ( Figure 3A) . However, the sequences of wild-type and both mutant alleles were identical, indicating that and crossed with the Ler wild-type to try to separate Analysis of expression of this HD gene in fwa mutants domain (Ponting and Aravind, 1999) . As shown in Figure  3B , comparison of the putative FWA protein with ANL2 showed that this is altered in both fwa mutant alleles as compared to Ler wild-type plants. However, expresand two other members of the HD-GL2 class revealed amino acid conservation throughout the whole protein. sion of other genes in the region did not show differences between fwa and wild-type plants (data not Homology was especially strong in the regions of the homeodomain and the START domain but weaker at the shown). Therefore, we conclude that the late flowering of fwa mutants is due to a direct regulation of this HD amino terminus. An interesting feature of the FWA genomic sequence gene, which is considered to be the FWA gene.
To explain the upregulation of FWA in fwa mutants was the presence of two direct repeats in the 5Ј region, one of 38 base pairs with 100% homology, and one of we further analyzed the structure and expression of this Figure 4A ). In contrast, no expression could be detected in wild-type and revertant alleles.
To detect whether the transcript might be present at a very low level in wild-type plants, RT-PCR was used. The transcript could not be detected in RNA isolated from whole plants at vegetative or reproductive phases. However, it could be detected in siliques of different A similar level of methylation was cases, the same methylation pattern was observed in found in early flowering ddm1 lines. However, in a late fwa and wild-type DNA (data not shown). Therefore, the flowering ddm1 line these sequences were not methylated, as in the fwa mutants. Therefore, we suggest that hypomethylation of fwa seems to be restricted to the 
